Various Co-loaded ZSM-5 zeolites (Co-ZSM-5) were prepared and the details of their structural, morphological and elemental properties characterized by different conventional methods. A flat glassy carbon electrode (GCE) was modified with the Co-ZSM-5 (150%-loading) materials to obtain a sensor for hydrazine (Hyd) which displays improved sensitivity, a large dynamic range and good long-term stability. The calibration plot (best acquired at a voltage of +0.4 V) is linear (r 2 ¼ 0.9968) in the 0.01 nM to 0.01 mM Hyd concentration range. The detection limit is as low as 9.1 pM, and the sensitivity is $31.6455 mA mM À1 cm
Introduction
Cobalt-containing ZSM-5 zeolites have drawn a great deal of attention in recent years. They have been used as catalysts for a wide range of important chemical reactions, such as oxidation of styrene and a-pinene, 1,2 direct conversion of syngas to gasoline range hydrocarbons, 3 Fischer-Tropsch synthesis, 4 combustion of isopropanol, 5 oxidation of methane to methanol and formaldehyde 6, 7 and ammoxidation of ethane 8 and ethylene. 9 High activity was reported for nitrogen oxides abatement over Co-ZSM-5 catalysts. In this context, high N 2 O direct decomposition activity was reported over Co-ZSM-5. [10] [11] [12] [13] [14] Earlier work by Armor and Farris 10 revealed that the N 2 O decomposition activity of Co-ZSM-5 is largely unchanged as a result of its hydrothermal treatment using 2% water vapor at 750 C compared to the dramatic loss of activity of Cu-ZSM-5 under the same treatment. Isothermal oscillations were reported during N 2 O direct decomposition over Co-ZSM-5. 13 Co-ZSM-5 catalysts showed promising activity for the selective catalytic reduction of NO x (SCR) with CH 4 , 14-16 C 2 H 4 , 17 iso-C 4 H 10 , 18 and NH 3 . 19 Under NO-SCR conditions, it was suggested that low Co loadings (Co/Al < 0.3), where isolated Co 2+ ions are located in charge compensation positions, are the active sites for NO reduction, whereas the Co-oxide species are responsible for the combustion of hydrocarbons.
14,18
Various methods have been utilized for the preparation of cobaltcontaining ZSM-5 zeolites. These include hydrothermal synthesis, decomposition of metal organic complexes, incipient wetness or through ion exchange. Focusing our attention on the exchange route, this can be performed by sublimation, in a liquid solution or by using the solid state ion exchange (SSIE) method. Depending on the cobalt loading (Co/Al ratio) and the exchange method employed, Co
2+
, micro-aggregates of cobalt and oxygen, and Co-oxides (CoO and Co 3 O 4 ) in different coordination geometries were obtained. 8, [14] [15] [16] [17] [18] The SSIE method offers the following advantages; (i) it allows the preparation of overexchanged M/zeolites (M/Al > 0.5), (ii) it is reproducible, (iii) it avoids the necessity of using large volumes of salt solutions with their accompanying waste, and (iv) it allows the exchange of multivalent cations. 8, 11, 13, 20 Active Co-ZSM-5 catalysts for the ammoxidation of ethane and ethylene 8 and N 2 O direct decomposition 11, 13 were prepared by using the SSIE method. Based on the modication of the zeolites' dielectric constant as a result of the adsorption of a certain molecule, the zeolite-based materials are oen applied as sensors with the required selectivity towards certain molecules and not to others. 21 In this way, Hagena et al.
22
reported the preparation of highly sensitive and selective hydrocarbon Cr 2 O 3 /Na-ZSM-5 gas sensors. Franke et al. 23 developed a selective ammonia exhaust gas sensor using H-ZSM-5. Sazama et al. 24 described the application of AgH-ZSM-5 as a hightemperature sensor of water vapor. Na-ZSM-5 was used as an alkane (C1-C4) sensitive material under partial pressure changes (1-100 kPa) in the presence of O 2 /CO 2 /N 2 gases. 25 Using a ZSM-5-based capacitor sensor, Moos et al. 26 were able to detect NH 3 without cross-sensitivity to CO, hydrocarbons and O 2 .
Hyd is a poisonous chemical and frequently considered a cancer-causing, toxic, hazardous, cyanogenetic and nephrotoxic substance. 27 Various uses of Hyd include: pesticides, plant-growth regulators, dyes and the photographic industry, pharmaceuticals and the polymer industry, industries related to agriculture, rocket fuel, space cra fuel, and explosives. 28 Symptoms of severe exposure to Hyd include: burning in eyes and nose, short-term loss of sight, fainting, vomiting, respiratory edema and unconsciousness. Liver and kidney functions may also be seriously affected by longterm exposure to Hyd. 29 The central nervous system can also be affected by Hyd, sometimes leading to unconsciousness. When Hyd is absorbed through the skin, it produces caustic-like burning and also interrupts the production of blood. 30 Hence, a superior analytical technique is essential for the detection and quantica-tion of Hyd. Recently, Gang Wei et al. 31 have proposed a hydrazine sensor based on a GCE coated with sulfur-doped g-MnOOH microrods and Vellaichamy Ganesan et al. 32 have studied a guar gumbased composite coated with palladium nanoparticles for electrochemical Hyd detection, but in both approaches, linear dynamic ranges are very low and they have limitations in detecting nano-level concentrations of Hyd. Electrochemical chemi-sensors always offer a fast, powerful and cost effective method of Hyd detection and quantication. However, electrochemical oxidation of Hyd at a bare-electrode is kinetically slow and associated with high over-potential. Consequently, searching for new materials for the modication of electrodes to enhance the rate of electron transfer and reduce the over-potential of the Hyd oxidation is necessary. [33] [34] [35] [36] Several redox mediators such as metal nanoparticles, 37 have also been reported elsewhere, all these methods are either expensive or time consuming or need sophisticated instruments, and even sometimes fail to detect nano-level concentrations of Hyd. During the procient detection of ultra-trace amounts of environmental toxicants, nanomaterials exhibit better properties than their bulk substance: for example, mechanical strength, heat tolerance, electro-catalytic property, electrical conductance, electro-magnetic property, and photo-catalytic property. 50 Moreover, due to their low cost, rapid response and higher sensitivity, electrochemical sensors are oen more useful than any other methods for Hyd detection.
While a literature survey showed the catalytic application of Co-ZSM-5 in many industrially important reactions, it revealed a lack of information about its sensing applications. Therefore, the purpose of this investigation is to illustrate that Co-ZSM-5 zeolites represent promising materials for selective Hyd sensing applications for environmental approaches. Here, Hyd is extremely carcinogenic and usually seriously damaging to health and environment, therefore detection by using a reliable method with Co-ZSM-5 materials using a GCE electrode is immediately required. In an investigation of Hyd, Co-ZSM-5 materials deposited as thin lms on GCE are fabricated and studied in detail for chemical sensor development. An easycoating method for the construction of thin-layer Co-ZSM-5 materials within conducting binding-agents is executed for the preparation of lms on GCE. In this approach, Co-ZSM-5 material fabricated lms with conducting binders are utilized to target hazardous analytes using a reliable I-V method under room temperature and pressure. It is conrmed that the fabricated Hyd sensor is a unique and noble research work for ultrasensitive recognition with active Co-ZSM-5 materials on GCE in a short response-time. In this work, the synthesis, electrochemical characterization, and screening for determination of Hyd using fabricated Co-ZSM-5 materials are reported.
Experimental

Materials and methods
NH 4 -ZSM-5 zeolite, with aSi/Al ratio of 11.4 (SM 27), was obtained from ALSI Penta Zeolite GmbH (Germany). The preparation of cobalt exchanged ZSM-5 by using the SSIE method has been reported in a number of previous papers. 8, 11, 13 A series of cobaltexchanged ZSM-5 zeolites were prepared by heating a mechanical mixture of cobalt(II)acetate tetrahydrate (Alfa Aesar) with NH 4 -ZSM-5 with a target exchange level in the range 10-150% at 500
C for 3 h in static air. During the heat treatment, solid-state ion exchange occurs, resulting in the formation of Co-ZSM-5 and volatile gases. Then the obtained ion-exchange products were cooled to room temperature, and placed in a bottle. The various obtained solids were referred to by abbreviations Co-ZSM-5_x, where x indicates the exchange level. The laboratory grade chemical reagents, sodium hydroxide, Naon (5% ethanolic solution), acetone, 2-nitrophenol, 3-methoxyphenol, 4-aminophenol, 4-methoxyphenol, ethanol, hydrazine, pyridine, chloroform, dichloromethane, tetrahydrofuran, monosodium phosphate, and disodium phosphate were purchased from Sigma-Aldrich, and received no further treatment before use. Powder X-ray diffraction (XRD) patterns were recorded by using a Thermo-Scientic ARL X'TRA Powder Diffractometer using Cu Ka radiation (l ¼ 1.54056Å) in the 2q range between 7 and 60 at room temperature. The morphology of the Co-ZSM-5 zeolite was checked on a FESEM instrument (FESEM; JSM-7600F, Japan). Elemental analysis was performed for Co-ZSM-5 by XEDS from JEOL, Japan. The FT-IR spectra were recorded by using a Nicolet iS50 FT-IR spectrometer without KBr employing the Attenuated Total Reectance (ATR) sampling accessory. Pyridine adsorption was performed in order to estimate the cobalt exchange level of the various Co-ZSM-5 samples. Detailed information about the working procedure followed is reported elsewhere.
11,51
The current-vs.-potential (I-V) technique was accomplished to detect the hydrazine in the desired range of electrical potential by a Keithley electrometer (6517A, USA) and the fabricated Co-ZSM-5 (coating with 5% Naon) assembly functioned as a working electrode in the desired responsive buffer system. The choice of material for various Co-doping ZSM-5 has been described in the ESI † section (J). and 0.2 M NaH 2 PO 4 solution in 100.0 mL of de-ionized water under room temperature and pressure. To fabricate the GCE, a slurry of Co-ZSM-5 was prepared with ethanol and then coated onto GCE and dried under room temperature and pressure. For the improvement of the adhesive property between GCE and Co-ZSM-5, a drop of 5% ethanolic Naon solution was added onto the fabricated working electrode. Then the electrode was placed inside an oven at a temperature of 35 C for an hour and kept there until the conducting lm was completely dried. An electrochemical cell was combined with Co-ZSM-5/Naon/GCE and Pt-wire (dia., 1.5 mm) where Co-ZSM-5/Naon/GCE acted as the working electrode and Pt-wire was the counter electrode. The different hydrazine solutions (full concentration range: 0.01 nM to 1.0 M) were prepared and incorporated in the assembled electrochemical cell as the target analyte. In the hydrazine detection process, the sensitivity (S) of the prepared working electrode with Co-ZSM-5/GCE was measured from the slope of the calibration curve (the ratio of current versus concentration).
Fabrication of
In the same way, the detection limit (DL) and linear dynamic range (LDR) were also calculated from the ratio of 3N/S (ratio of noise Â 3 vs. sensitivity). The utilized electrometer which provides a constant voltage for I-V measurement is a simple two electrode system. The amount of 0.1 M PBS-solution was kept constant in the electrochemical cell at 5.0 mL throughout the chemical investigation. The I-V response was measured with Co-ZSM-5. The detection of Co 3 O 4 oxide is in agreement with other data in the literature for cobalt-containing ZSM-5 zeolites prepared by different routes. 4, 5, 54 It was shown that the low angle diffraction peaks of ZSM-5 zeolite are sensitive to the presence of impurities or species inside the zeolite channels; and, therefore, they are used to calculate the variation in crystallinity accompanying the zeolites aer synthesis treatments. 55 From an inspection of the low angle diffraction peaks in Fig. 1 it appears that the samples with high cobalt exchange levels show a noticeable decrease in intensity of these peaks. Therefore, the diffraction peak at 2q ¼ 7. 92 was used to calculate the crystallinity of the calcined Co-ZSM-5 samples. In comparison with the crystallinity of the H-ZSM-5, the calculated crystallinities for the Co-ZSM-5 samples were 98, 95, 93, 72, 51, and 22% for the cobalt exchange levels of 10, 25, 50, 75, 100, and 150%, respectively. This obtained crystallinity loss accompanying the increase in cobalt content could be ascribed to the possible destruction of some frameworks during the sample preparation. In agreement, El-Bahy et al. 54 reported a gradual loss in crystallinity of their Co-ZSM-5, prepared by conventional ion exchange from solution, upon increasing the cobalt wt% from 2 up to 10%. Higher cobalt content has led to disintegration of the ZSM-5 structure.
Results and discussion
56
The FT-IR spectra of the calcined Co-ZSM-5 samples are shown in Fig. 2 High resolution FE-SEM images of the calcined Co-ZSM-5 zeolites are exhibited in Fig. 3a-f . The FE-SEM images indicate the morphology of the prepared Co-ZSM-5 zeolites, where the exchange level of NH 4 + by Co 2+ into NH 4 -ZSM-5 is (a) 10%, (b) 25%, (c) 50%, (d) 75%, (e) 100%, and (f) 150%. The average diameter of Co-ZSM-5 is calculated to be in the range of 0.6 mm to 1.5 mm, which is close to 1.0 mm. It is noticeable from the FE-SEM images that the simple blending methodology of the prepared products results in Co-ZSM-5 zeolites, as revealed by the aggregated shape and high density of the obtained zeolites. It is also proposed that nearly all of the structure is composed of aggregated Co-ZSM-5 zeolites.
63,64
X-ray electron dispersive spectroscopy (EDS) was used to investigate the elemental composition of the prepared Co-ZSM-5 materials. It is clearly shown that the prepared Co-ZSM-5 zeolites consist of oxygen, aluminum, silicon, and cobalt elements, as presented in Fig. 4a-f . The composition of O, Al, Si, and Co is presented in the selected area analysis by XEDS in the corresponding table with all exchange levels, and a comparative elemental analysis data is also included in Fig. 4a-f . From inspection of these data it appears that by increasing the loading of Co (from 10% to 150%) into the zeolites, the weight% and atomic% are increased gradually from 10% to a 150% loading. The obtained cobalt content values are close to the theoretical cobalt contents in the prepared Co-ZSM-5 materials, which are 0.33, 0.99, 1.86, 2.76, 3.79, and 6.05 wt% for the exchange levels of 10, 25, 50, 75, 100, and 150%, respectively. No other peak related to any impurity has been detected in the XEDS (Fig. 4) , which conrms that the Co-ZSM-5 zeolite products are composed of only O, Al, Si, and Co elements. The nature of the acid sites and the cobalt exchange level of the various Co-ZSM-5 samples were studied using pyridine adsorption. Fig. 3 shows the FT-IR spectra of adsorbed pyridine on the H-ZSM-5 and the various cobalt-containing ZSM-5 samples. The scanned wavenumber region is 1420-1470 cm
À1
, where the bands characteristic of both Brønsted (Bpy) and Lewis (Lpy) acids appeared. Pyridine adsorbed on H-ZSM-5 is characterized by the presence of three bands at 1448, 1491 and 1547 cm
. These absorptions could be assigned to the chemisorbed Lpy, Lpy + Bpy and Bpy, respectively.
11,12,66,67 Meanwhile, the spectrum of H-ZSM-5 does not show any band at 1433 cm
, which is characteristic of physisorbed pyridine molecules on the Na-ZSM-5.
11 This, in turn, indicates that the parent NH 4 -ZSM-5 was a sodium free zeolite. The spectra obtained for the cobalt-containing zeolites reveal the presence of the three absorptions characterizing the Lpy, Lpy + Bpy and Bpy at slightly shied positions, as shown in Table 1 . Fig. 3 clearly indicates that the relative amount of Lewis acid sites increased and that of Brønsted acidity decreased upon increasing the cobalt loading. The area of Bpy with respect to that of the Hform was used to estimate the cobalt exchange level in the various samples. The obtained values are listed in the right-hand column in Table 1 . The following points could be raised from an inspection of the obtained values: (i) the obtained exchange level is lower than that of the target level for all the samples, (ii) there is a maximum exchange level that can be obtained using the SSIE method (less than 80%), which is in agreement with a previous report using the same method to prepare various metal exchanged ZSM-5 catalysts, 11 and (iii) the lower than expected obtained exchange level is in good agreement with the observed XRD and FT-IR detected of Co 3 O 4 upon increasing the exchange level. Various mixtures were prepared for investigation of pyridine adsorption with different exchange levels and the detailed information is given in the ESI † section (F).
Detection of hydrazine with Co-ZSM-5(150%-loading)/ Naon/GCE materials
The potential application of Co-ZSM-5(150%-loading) materials assembled onto GCE as a chemical sensor (especially Hyd analyte in buffer system) has been investigated for measuring and detecting a target selected chemical. Enhancement of the Co-ZSM-5(150%-loading)/GCE as a chemical sensor is in its initial stage and no other reports are available. The Co-ZSM-5(150%-loading)/GCE sensors have advantages such as stability in air, non-toxicity, chemical inertness, electro-chemical activity, simplicity of assembly, ease in fabrication, and chemo-safe characteristics. As in the case of Hyd sensors, the current response in the I-V method of Co-ZSM-5(150%-loading)/GCE changes considerably when aqueous Hyd analyte is adsorbed. The Co-ZSM-5(150%-loading)/GCE is applied for the fabrication of a chemi-sensor, where hydrazine is measured as a target analyte. The fabricated-surface of a Co-ZSM-5(150%-loading)/GCE sensor was prepared with conducting binders (5% ethanolic Naon solution) on the GCE surface. a signicant response in the simple I-V method. Scheme 1(a) shows the fabricated-surface of the Co-ZSM-5(150%-loading)/ GCE sensor prepared in 5% ethanolic Naon solution. The possible oxidation scheme on the Co-ZSM-5(150%-loading)/ GCE is generalized in Scheme 1(b) ; where Hyd is oxidized to N 3 À , releasing free electrons on the sensor surface during I-V measurements. In the presence of Hyd, electrons are also released from the adsorbed reduced oxygen species on the Co-ZSM-5(150%-loading)/GCE surface, which further increases the current intensity with increasing voltage at room temperature.
68,69 A practical I-V response with Hyd and without Hyd on the Co-ZSM-5(150%-loading)/GCE working electrode is given in Scheme 1(c) with a delay time of 1.0 second in the electrometer; where a higher current response to the increasing voltage is clearly demonstrated. Fig. 5a shows that the differences in the current responses between bare and coated GCE due to the current signals were slightly affected for the coated electrode compared with the bare GCE. The target molecule, Hyd (0.01 nM to 1.0 mM), was added dropwise to the Co-ZSM-5(150%-loading) modied electrode and the changes in current responses were recorded without (light-blue-dotted) and with (blue-dotted) analyte (Fig. 5b) . Due to the presence of Co-ZSM-5(150%-loading), a signicant enhancement in current is achieved with Hyd which gives a higher surface area with better coverage in absorption and adsorption capability onto the porous zeolite surfaces for the target molecule (Hyd). The responses (current vs. voltage) of the Co-ZSM-5(150%-loading)/GCE were recorded for the different concentrations (0.01 nM to 1.0 mM) of Hyd which indicates that the current of the fabricated electrode changes as a function of Hyd concentration under room temperature and pressure (Fig. 5c) and it was also reported that the current responses increased regularly from lower to higher concentration of the target analyte. For the determination of the probable analytical limit, a broad range of analyte concentrations (0.01 nM to 1.0 mM) were measured from a lower to a higher potential (0 to +1.5 V). From the various concentrations of Hyd, the linear calibration and magnied calibration curve at +0.4 V were plotted (Fig. 5d) . The linear dynamic range (0.01 nM to 0.01 mM), regression coefficient (r 2 : 0.9968), detection limit (9.1 pM) and sensitivity (31.6455 mA mM À1 cm À2 ; at signal to noise ratio of 3)
were calculated from the calibration curve (Fig. 5d) . The resistance value of the Co-ZSM-5(150%-loading) modied GCE chemical sensors could be decreased by enhancing the active surface area, which is an important criterion of the Co-ZSM-5(150%-loading). 70, 71 These reactions are conducted in a bulk-system/air-liquid interface/neighboring atmosphere owing to the small carrier concentration, which increased the magnitude of the resistance. The hydrazine sensitivity towards Co-ZSM-5(150%-loading)/GCE is attributed to the higheroxygen lacking conducts to enhance the oxygen adsorption. The larger the amount of oxygen adsorbed onto the Co-ZSM- 5(150%-loading)/GCE-sensor surface, the higher would be the oxidizing potentiality and the faster would be the oxidation of Hyd. The activity of Hyd would have been extremely high in contrast to other carcinogenic chemicals with the surface under room temperature and pressure.
72,73
The selectivity analysis was performed with different chemicals such as pyridine, chloroform, dichloromethane, ethanol, 2-nitrophenol, hydrazine, acetone, 4-methoxyphenol, 3-methoxyphenol, tetrahydrofuran, 4-aminophenol (Fig. 6a) . Clear I-V responses are observed in the magnied view of the selected potential area. Hyd showed maximum current responses to a Co-ZSM-5(150%-loading)/GCE fabricated sensor and therefore it was clearly noted that the sensor was most selective towards Hyd compared with other chemicals. The I-V response of the Co-ZSM-5(150%-loading)/GCE coated electrode sensor was studied for up to 2 weeks for the determination of the reusability or reproducibility and long-term stability. It was marked that the current response was not signicantly changed aer washing in each experiment of the fabricated Co-ZSM-5(150%-loading)/GCE electrode substrate (Fig. 6b) . The sensitivity remained similar to the initial value for up to two weeks and aer that the responses of the fabricated Co-ZSM-5(150%-loading)/GCE electrode decreased gradually. Under different conditions, a series of seven successive measurements of Hyd solution (0.1 mM) yielded good reproducible responses with the Co-ZSM-5(150%-loading)/GCE (relative standard deviation, RSD: 1.8%; N ¼ 7; Run-1 to Run-7). This small % RSD may be due to the mass variation of the coating materials, Co-ZSM-5, on the GCE working electrodes. When the same working electrode was used in different solutions of the same concentration, even under identical conditions, the current response decreased slightly. This is because aer each run, the total number of active sites of the Co-ZSM-5(150%-loading)/GCE decreases slightly. Additionally, a control experiment was also conducted in 0.1 mM Hyd concentration with different Co-loadings into ZSM-5 fabricated electrodes (10% loading, 25% loading, 50% loading, 75% loading, 100% loading, and 150% loading) and a slight increase in current response was marked for the Co-ZSM-5(150%-loading)/GCE compared with other compositions (Fig. 6c) . Here, it is observed that the current response exhibited a signicantly higher value for higher-Co-loading (150%) compared to other compositions (Fig. 6c) due to the enhancement of Co-dopants into the zeolites to increase the large surface area. Based on the current responses on various compositions, the detailed Hyd sensor development is calculated for 150% Co-loading in a ZSM-5 composition in terms of all analytical parameters such as sensitivity, detection limit, linearity, reproducibility, and selectivity. The higher current response of the fabricated Co-ZSM-5(150%-loading)/GCE could be attributed to the excellent absorption (porous surfaces in Co-ZSM-5(150%-loading)/GCE) and adsorption ability, and high catalytic-decomposition activity of the conduction zeolites.
The interior resistance for the fabricated Co-ZSM-5(150%-loading)/GCE sensor decreases with the increasing electron communication characteristics that are important features of zeolites under room temperature and pressure.
74-76
The adsorption of oxygen regulates a signicant function in the exceptional electrochemical properties of the Co-ZSM-5(150%-loading)/GCE. 
Current response in the I-V method during Hyd detection largely depends on the dimensions, morphology, and nanoporosity of the Co-doped ZSM-5 zeolites (150%-loading). When the Co-ZSM-5(150%-loading)/GCE surface is exposed to the reducing Hyd, a surface-mediated oxidation reaction takes place. Removal of adsorbed oxygen species (O 2 À and O À )
increases the number of electrons in the conduction-band and hence the surface conductance of the electrode increases. Oxidation of Hyd also provides electrons to the Co-ZSM-5(150%-loading)/GCE surface which further increases the conductance of the working electrode. [78] [79] [80] Therefore, the current response intensied with the increasing potential. These supplies of electrons quickly increase the conductance of the Co-ZSM-5(150%-loading)/GCE coating. Substantial loading of the Co-ions into ZSM-5 with a porous/large-surface area of morphological zeolites has increased the adsorption ability of the Co-ZSM-5/GCE. The Co-ZSM-5(150%-loading)/GCE sensor requires approximately 10 s to achieve a constant current. This excellent sensitivity and high electrochemical performance of the Co-ZSM-5(150%-loading)/GCE are due to the porous surface that enhances the adsorption and absorption of oxygen species. The Co-ZSM-5(150%-loading)/GCE sensor is highly sensitive towards Hyd and has a lower detection limit than other sensors already reported in Hyd detection, [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] as given in Table 2 . Having a large surface area, the Co-ZSM-5(150%-loading)/GCE offered a positive environment during the detection and quantication of Hyd. The proposed Co-ZSM-5(150%-loading)/ GCE sensor has also shown better reliability and stability.
93
Despite these developments, there are still numerous important reservations that must be investigated more before the commercial production of this sensor.
Real sample analysis by Co-ZSM-5/GCE electrode
To conrm the validity of the developed sensor, the Co-ZSM-5/ GCE was used as a working electrode to quantify Hyd in industrial effluent-water (collected from the industrial effluent treatment plant, Jeddah, Saudi Arabia) and water from the Red Sea (from the Red Sea coastline, Jeddah, Saudi Arabia). For this purpose, we used the standard addition method to check the precision of the Hyd detection in aqueous samples. Fixed amounts ($25.0 mL) of aqueous samples of different concentrations along with the same amount of real samples were mixed and analyzed in PBS (5.0 mL) by the Co-ZSM-5/GCE working electrodes. Table 3 shows the results, which demonstrate that the Co-ZSM-5/GCE modied sensor showed a quantitative ($100%) recovery of Hyd. Based on the results, therefore, it is concluded that the I-V method is suitable, consistent, and appropriate in real sample analysis with the Co-ZSM-5/GCE system.
Conclusions
For the rst time in this contribution, a Hyd chemical sensor was successfully fabricated based on Co-ZSM-5 (150%-loading) zeolites immobilized on GCE with conducting Naon binders. A simple fabrication technique was used here to build a Co-ZSM-5 (150%-loading) electrode onto at GCE using a conductive coating of Naon binder. The selective and sensitive Hyd sensor was fabricated successfully based on the cobalt-containing zeolite embedded GCE as Co-ZSM-5(150%-loading)/Naon/ GCE. The electrochemical features of the fabricated Hyd sensor were excellent in terms of detection limit, linear dynamic range, sensitivity, repeatability, robustness, stability, and response time. The Co-ZSM-5(150%-loading)/Naon/GCE assembly exhibits higher sensitivity (31.6455 mA mM À1 cm À2 ) and a lower detection limit (9.1 pM) compared to previously reported Hyd sensors. The proposed technique can be used for the development of efficient and selective sensors in the health care and environmental elds. 
